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The object of the  experiments here described,  and  of others  to be 
reported later, has been to determine if possible wherein lies the differ- 
cene  between  the composition of blood of human individuals  having 
syphilitic infection and of normal blood of the  species.  The present 
paper, dealing with surface tension and solubility, aims to show that in 
some respects  the physical properties of normal  and  syphilitic  blood 
are at variance. 
Probably the most extensive and most significant  work on the surface-active 
properties of true and  colloidal  solutions in  recent years has been reported by 
du No~y.  In 1918 he (1) devised a method for the determination of the surface 
tension of solutions which  permits of very accurate measurements and which  is 
rapid enough to allow large numbers of tests to be made without being excessively 
time-consuming.  Also, repeated measurements may be made of the same surface 
after allowing time for changes and adjustment of the position of molecules in the 
surface layers and in the bulk of the liquid.  The instrument used for making these 
determinations, "the du Notiy tensiometer," is of the type which  measures  the 
force necessary to break a platinum ring away from the solution under examination. 
Readings are made directly in dynes per centimeter on a scale which is graduated 
to 0.1 dyne.  In 1923 the description of an improved tensiometer was reported (2). 
Du Noiiy (3) observed that there was a marked lowering of the surface tension 
of rabbit's blood serum upon standing undisturbed for a  time, even in very high 
dilution.  In another communication (4) he presents evidence to prove that at a 
dilution of 1 : 10,000 of blood serum a "monolayer" of oriented serum molecules is 
formed which  reduces evaporation to a  minimum, and also has to do with the 
lowering of the surface tension. 
Ascoli (5) in 1910 measured the surface tension of immune serum and antigen, 
and of normal serum and antigen {mmediately and after 2 hours incubation.  He 
concluded  that the difference of the surface tensions could be used to determine the 
presence of antibody.  Gouwens  (6)  disagreed with Ascoli on  the  reliability of 
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surface tension in differentiating antibody in serum, at least with Bacillus para- 
typhosus B as antigen.  Along this same line du Notiy (7) observed that the time- 
drop (i.e.  the difference in the surface tension readings made immediately after 
placing a 2 cc. sample of solution on a watch-glass so that it spreads to cover about 
12 sq. cm. of surface and the readings taken 2 hours later) of immune serum was 
greater by 50 to 100 per cent than that of normal serum.  He found the maximum 
drop still at a 1:10,000 dilution and drew the conclusion that the size of the micellae 
is probably unchanged in immune serum.  The experiments here set forth tend to 
show that there may be a  difference in size of the molecules of immune  serum, 
basing the  calculations on  du  Notiy's oriented layer  theory  and  on  results of 
solubility experiments. 
Svedberg, in discussing a  paper by Pauli (8), classed proteins as homogeneous 
with regard to the molecular weight, giving the figure 34,500 as the weight of the 
basic molecule and ovalbumin as an example of this class of proteins.  It is then 
assumed that protein molecules of higher molecular weights, i.e. weights represent- 
ing multiples of 34,500,  are dissociated into molecules of a lower number of groups 
when the pH of the solution is sufficiently raised, until eventually with increasing 
alkalinity, all proteins have the same molecular weight, v/r.. 34,500.  This theory is 
substantiated by the writer's experiments on surface tension determinations on 
normal and syphilitic human blood sera, and solubility experiments on separated 
globulins from these sera. 
EXPERIMENTAL 
In  order  to  get  an  idea of  the  surface  reaction  of  serum in  general and to  establish 
a basis  for comparisons of subsequent determinations, it was considered well to 
get a number of measurements on the sera of several species of laboratory animals 
as well as to run some normal human specimens. 
In the hope of finding out something of the character of the protective action of 
serum albumin in the precipitation reaction for syphilis in unheated sere, as referred 
to by Kurtz (9), it was decided to make examinations of heated portions of the 
specimens as well as unheated.  The heating was done simply as in preparing to 
make a routine test for syphilis, viz. at 55°C. for 30 minutes. 
Since the surface activity of solutions is so easily affected by the addition of 
foreign substances, all glassware used in handling solutions must  be thoroughly 
cleansed immediately before use.  Soaking for at least  18  hours  in  bichromate 
cleaning solution or boiling for ½  hour in this solution is a good method, followed by 
rinsing in distilled water and drying immediately in the oven. 
Determinations were made with a  du Notiy  tensiometer No.  10402  produced 
by  the  Central  Scientific  Company.  Directions  were  followed  closely in  the 
operation of the instrument.  Temperatures ranged in the neighborhood of 25°C., 
varying not more than 1  ° or 2  ° from that.  No corrections were made for tempera- 
ture change since the error is only a small fraction of a dyne per degree of change, 
and other factors may influence the readings more markedly.  The unit of time is ! s.  T.  WALTON  861 
hour.  Du Notiy (10) pointed out that the curves at 1 and 2 hours were verylittle 
different in degree and were practically parallel.  The diluent employed was physi- 
ologic sodium chloride, 0.85 per cent, having a surface tension of about 76 dynes 
which is but slightly or not at all affected by the time factor.  Distilled  water 
has a surface tension by this method of about 75.5 dynes and is little affected by 
the  time  factor. 
Table I  shows comparative measurements at various dilutions of the 
fresh sera from the normal rabbit, ox, sheep, guinea pig and human. 
Curves  were plotted  for the  values presented in  Table  I  and  are 
shown in Fig. 1. 
TABLE  I 
Effect of Dilution on the Surface Tension  of Normal Sera of the Human and Some 
Domesticated Animals 
Dilution ................ 
Rabbit .............  58.4 
Ox .................  61.3 
Sheep  ..............  -- 
Guinea pig ......... 
Human ............ 
"2 
Surface tension in dynes 
66.1 
66.3 
66.6 
66.0 
68.5 
70.5 
68.8 
66.4 
64.9 
68.7 
76.1 
75.9 
74.0 
74.8 
76.5 
75.9 
74.5 
75.7 
75.5 
76.2 
75.8 
74.7 
76.2 
75.9 
76.4 
74.9 
75.3 
74.1 
75,0 
75.3 
It  is  readily seen  that in  the  freshly diluted  serum,  a  dilution of 
1 : 10,000 is sufficiently great that the solid matter does not change the 
surface tension appreciably from that of physiologic saline or distilled 
water. 
However, in  the normal  specimen heated for ~  hour at 55°C.  the 
surface activity is modified in dilutions up to 1 : 10,000 as observed by 
du Noiiy (11), indicating increased dissociation of the protein mole- 
cules  at  this  temperature.  In  other words  when  the  molecules are 
split up and become smaller due to the action of heat, the total surface 
exposed by the particles in a given amount of solution is increased so 
that the dilution must be increased in order to obtain a single layer at 
the surface which accounts for the maximum decrease in tension after 
a  period of time.  Also the measurements after an interval of 1 hour 862  SYPHILITIC BLOOD  PROTEINS.  I 
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are modified in dilutions up to 1:50,000,  thus giving a  greater time- 
drop at this dilution. 
The difference in the initial readings and those made after a  1 hour 
time interval, or the time-drop, of the raw and heated specimens may 
be better contrasted in graph form (Figs. 2, 3 and 4). 
TABLE  II 
Initial Surface Tension Measurements of Normal Sera, Raw and Heated at 55°C. for 
½  Hour (See Figs. 2, 3 and 4) 
Dilution .......................................  1:10011:1,00011:10,00011:50,00011:250,000 
Surface tension in dynes 
Human (raw) ....................... 
"  (heated) ..................... 
Rabbit (raw) ....................... 
"  (heated) ...................... 
Guinea pig (raw) .................... 
....  (heated) ................. 
68.5 
66.7 
__$ 
68.7  76.5 
66.7  69.0 
69.1  73.5 
67.5  71.1 
65.3  74.4 
61.8  68.9 
76.2 
75.9 
75.2 
75.2 
74.9 
74.7 
76.4 
76.6 
75.0 
74.8 
74.7 
74.1 
* 1 : 100 dilutions omitted because of low surface activity in this zone. 
TABLE  HI 
Measurements of Same Specimens after Standing Undisturbed for 1 Hour at Room 
Temperature of 25°C. (See Figs. 2, 3 and 4) 
DUu~o .......................................  1:1oo  [  X:l,OOO ] 1:1o,ooo [ z:so,  ooo I laSO,  OOO 
Surface tension in dynes 
Human (raw) ........................ 
"  (heated) ..................... 
Rabbit (raw) ........................ 
"  (heated) ...................... 
Guinea pig (raw) ..................... 
....  (heated) .................. 
61.5  ] 
64.0 
64.1  66.2 
63.4  61.6 
62.5  62.9 
61.1  61.3 
62.4  64.2 
60.1  59.7 
67.1 
63.2 
66.0 
62.1 
69.8 
64.6 
76.0 
75.1 
75.0 
75.0 
74.0 
69.2 
Here we see that the greatest distance between the initial curve and 
the 1 hour curve is at a dilution of 1 : 10,000 for the raw serum and at 
1 : 50,000 for heated serum.  In other words, the peak of the curve for 
heated normal serum is moved over toward the higher dilutions than 
that for raw serum.  These values are not always at 10,000 and 50,000, 864  SYPHILITIC BLOOD  PROTEINS.  I 
but may vary with different individuals  between dilutions of 1 : 1,000 
and 1 : 100,000.  All observations made so far have fallen within these 
values,  and  the majority were in  the  neighborhood  of the values in 
the cases illustrated. 
E~ects of Immunity on Surface Tension:  Syphilis 
Having made detailed explanation of the characteristic  differences 
between raw and heated normal serum, a brief description to compare 
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FIo.  2.  Effect on surface tension of heating normal serum for ½  hour at 55°C. 
the  values of similarly treated immune  serum will suffice.  For this 
purpose  rabbit's  blood immune  to  sheep's  red blood corpuscles was 
used as a  comparative example along with the blood from syphilitic 
human  individuals. 
Here the greatest time-drop comes at the same dilution for heated 
as for raw serum, or at a lower dilution as illustrated in Fig. 7.  As in 
the case of normal sera, the greatest divergence of the curves does not ~11/.,~7"10~" Id  "a 
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FIG. 3.  Effect on surface tension of heating normal serum for ½ hour at 55°C. 
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always come at a  given dilution for all individuals, but the tendency 
is for the peak of the curve in heated immune serum to move in the 
opposite direction from that observed in normal serum, or to recede 
from the higher dilutions toward the lower, 
TABLE  IV 
Initial Measurements of Anti-Sheep Cell Rabbit Serum and Syphilitic Human Serum, 
Raw and Heated at 55~C. for ½  Hour (See Figs. 5, 6 and 7) 
Dilution  .......................................  1:100  1:1,000 t 1:10,000  1:50,000 I l:2S0,000 
SurfaCe tension  in dynes 
Rabbit* (raw) ........................ 
"  (heated) ..................... 
Human** 8 (raw) .................... 
"  (heated) .................... 
"  9  (raw) .................... 
"  (heated) .................... 
67.7 
64.5 
65.6 
62.7 
65.1 
60.0 
68.4 
69.4 
66.6 
63.5 
68.8 
63.2 
75.4 
75.7 
70.9 
71.2 
68.2 
75.0 
76.1 
75.9 
75.6 
72.8 
76.0 
75.6 
76.2 
75.4 
76.2 
75.6 
75.7 
75.9 
* Mean values of three rabbits' blood. 
** Human sera gave a strongly positive Kolmer-Wassermann  reaction. 
TABLE  V 
Measurements of Same Specimens after Standing  Undisturbed for 1 Hour at Room 
Temperature of 25°C. (See Figs. 5, 6 and 7) 
Dilution  .......................................  1:I00  1:I,000  1:10,000  1:50,000  1:250,000 
Surface tension  in dynes 
Rabbit (raw) ....................... 
"  (heated) ..................... 
Human 8 (raw) ..................... 
"  (heated) .................. 
"  9 (raw) ..................... 
"  (heated) ................... 
62.5  62.6  64.4 
61.8  61.3  63.4 
63.3  62.2  61.1 
62.1  61.3  61.9 
60.5  63.8  60.0 
60.0  59.8  62.2 
65.9 
67.9 
67.8 
66.2 
65.0 
67.3 
71.4 
72.8 
68.0 
73.0 
71.5 
74.3 
According to the  theory presented,  these observations would tend 
to indicate that there is at least a certain percentage of the serum pro- 
teins that have their molecules altered in size, i.e. enlarged, due to the 
process  of  immunization.  These  enlarged molecules are  also  prob- s.  T.  WALTON  867 
ably altered in other characteristics because of their inability to disso- 
ciate on heating.  Experiments on the solubility of serum globulin in 
ionized solutions also tend to bear out these findings. 
Solubility of Separated Proteins from Normal and Syphilitic Blood 
A  25  cc. sample of serum was diluted to 250  cc. with distilled water and  the 
globulins precipitated by addition of 250 cc. saturated ammonium sulfate solution, 
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FIG. 5.  Effect on surface tension of heating immune serum for ½ hour at 55°C. 
standing for I  hour at room temperature and 3  hours at 37°C.  The precipitate 
was separated by filtration through Whatman  No. 50 hardened filter paper which 
usually retains all the precipitate.  Redissolved the globulin in 125 cc. of distilled 
water plus what  AmSO4 was left on  the  filter paper.  This  solution was  then 
dialyzed against distilled water in an electrodialyzer  patterned after the method of 
Stadie and Ross (12)  in the production of purified hemoglobin.  No attempt to 
further purification by reprecipitation was made owing  to  previous  experiences 
of the writer (13)  and  to observations of Hardy (14)  and  Svedberg and  Sjogren 
(15) that the less lengthy the process of purification, the less the change  in  the 
properties of the proteins sought  for. 868  SYPHILITIC  BLOOD PROTEINS.  I 
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The solution was usually free of electrolytes in about 4 hours.  Then the  sus- 
pension of globulin was divided into a number of tubes for centrifugalization, after 
which the supematant fluid was decanted and buffered solvent added to redissolve 
the  sediment.  A  series of  tubes  of albumin suspension  were  also prepared  to 
demonstrate the difference in solubility of the two main protein constituents of the 
serum.  In the light of  the  recent  findings of  Svedberg's discussion  of  Pauli's 
paper (8)  concerning molecular weights of proteins and their electrochemical be- 
havior in regard  to decomposition and  reorganization, it  seems as though more 
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FIa. 6.  Effect on surface tension of heating immune serum for ½ hour at 55°C. 
dependable methods may be worked  out for diagnosis by precipitation and  ag- 
glutination which would certainly be heartily welcomed by medical diagnosticians. 
Precipitation of albumin from  the half-saturated filtrate from the preparation 
of globulin was effected by the addition of 1.2 cc. of 10 per cent acetic acid per 100 
cc.  of solution and leaving  overnight in  the  refrigerator.  The  precipitate was 
filtered off and  redissolved in  100  cc.  of distilled water,  then reprecipitated by 
addition of an equal amount of saturated AmSO4 solution.  This precipitate was 
separated by centrffugalization, redissolved, and dialyzed for 3 hours, but instead 
of separating upon dialysis it remained in solution.  After having obtained this s.  m.  WALTON  869 
result in dialyzing,  further albumin specimens  were used as separated by acetic 
precipitation, so containing the acetate ion which would render it somewhat more 
readily soluble  than if it were free of electrolyte.  However, it appears from the 
solubility table that the influence  of the acetic anions was counteracted by the 
positive metal ions very close to the isoelectric point, which is given as pH 4.8,  and 
a high degree of dissociation  effected in solutions  of moderately low pH value. 
The precipitates of both proteins were mixed with the solvent and the tubes 
placed in a 37°C. water bath for 4 hours.  Buffer solutions used were S#rensen's 
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FIG.  7.  Effect on surface tension of heating immune serum for ½ hour at 55°C. 
citrate and phosphate buffers, and Kolthoff and Vleeschhouwer's  soda-borax and 
alkaline phosphate solutions as given in Clark's text "The determination of hydro- 
gen ions"  (16). 
Protein determinations were made with Exton's apparatus, the values of which 
are periodically checked by Kjeldahl's method of nitrogen determination. 
This comparison shows definitely that there is a marked difference of 
dissociability between the two protein fractions of normal serum. 
A  similar comparison of the solubility of the globulin portion from 870  SYPHILITIC BLOOD PROTEINS.  I 
normal and syphilitic serum will tend to substantiate  the theory al- 
ready presented regarding the probable increase in size of at least some 
TABLE VI 
Comparison of Solubility  of Globulin  and Albumin from Normal  Human Serum 
in Buffer Solutions of pH 1 to 10 
Buffer  Globulin dissolved  Albumin dissolved 
~H 
1.0 
2.3 
3.4 
4.2 
5.0 
6.2 
7.1 
8.0 
9.2 
10.0 
11.0 
12.0 
rag. per 100 cc. 
2OO 
2OO 
80 
30 
60 
50 
60 
90 
80 
125 
1,000 
2,500 
rag. per 100 cc. 
60 
60 
20 
80 
1,200 
1,200 
3,000 
3,500 
3,500 
7,000 
Comparison 
TABLE VII 
of Solubility of Globulin from Normal and Syphilitic Human Serum in 
Buffer Soltuions of pH 10 to 12 
Buffer  Normal globulin  Syphilitic globulin 
p~ 
10.0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.6 
11.8 
12.0 
rag. ~r  100 cc. 
400 
400 
500 
1,400 
1,000 
1,800 
2,000 
2,500 
2,300 
rag. per 100 
300 
4OO 
40O 
7OO 
8OO 
1,200 
1,600 
1,500 
1,500 
of the  protein molecules due  to  the  production of immunity.  Also 
it will add weight to the hypothesis of a  changed composition of cer- 
tain  protein  molecules  in  immunity.  Whether  the  nature  of  this s.  T.  WALTON  871 
change is chemical, electrical, physical or otherwise, is still a matter of 
speculation. 
It  was  previously learned  (Table  VI)  that  globulin  ionizes very 
feebly below pH 10, so subsequently most experiments in solubilities 
were with solutions of pH values above this point,  especially when 
solutions of high protein content were desired. 
Table  VII  shows that  a  markedly less  quantity of the syphilitic 
globulin is ionized in alkaline buffer solutions than of normal globulin. 
This indicates very strongly that the antibody globulin is materially 
altered in some specific characteristic.  As contrasted to the ease of 
dissolution of albumin (Table VI) in solutions of comparatively low 
pH, the inference would be that a less number of simpler and therefore 
smaller molecules are  available  for  solution  when  this  pronounced 
decrease in total protein is observed. 
Eagle (17) refers to the immune constituent of serum after its com- 
bination  with  an  antigen  as  "denatured  antibody  globulin."  In 
view of the results of these experiments there seems to be little doubt 
left that the immune globulin itself is a  denatured product, different 
from that contained in the blood of the natural or normal individual. 
DISCUSSION 
The experiments show that in two characteristics, surface activity 
and soiubility in  alkaline buffer solutions,  syphilitic serum behaves 
quite  unlike  normal serum.  In  its  surface activity its  behavior is 
very similar to that of anti-sheep cell antibody and is probably typical 
of immune sera in general.  In the case of normal serum the findings 
indicate  that  the  raw  or  unheated  specimen contains  molecules of 
such size that, if a sample of a 1 : 10,000 dilution is left undisturbed for 
1 hour, the molecules become arranged in the surface layer in such a 
manner that the tension of that layer is much reduced (10 to 20 per 
cent) from that of the freshly mixed specimen.  In the heated speci- 
men, however, it appears that some of the molecules, supposedly the 
larger globulin molecules, become decomposed and break down into 
smaller particles, increasing the surface area and producing a solution 
which must be diluted to a  greater extent or about 50,000  times to 
bring about proper conditions in the surface layer to produce a maxi- 
mum decrease of surface tension.  This condition is said by du Noiiy 
(4) to be due to a monolayer of oriented molecules. 872  SYPHILITIC BLOOD PROTEINS.  I 
Heating does not affect immune serum in the same manner.  The 
maximum  reduction  of surface tension  in  the  heated  portion occurs 
at the same dilution or at a  lower dilution  than for the raw portion. 
This would tend to indicate that the molecules are not altered in size 
by immunity.  But the  fact that  separated  globulin  from syphilitic 
serum is from 20 to 40 per cent less soluble in buffer solutions of opti- 
mum hydrogen ion concentration  than  that  from normal  serum in a 
given  time  shows that  the  former  is  composed of larger  aggregates 
which are more difficult of ionization,  and that they may be of differ- 
ent structure. 
These results also tend to indicate that the heating of serum before 
doing a precipitation  test brings out a more pronounced flocculation 
of precipitated particles by causing a greater dissociation of the albu- 
min.  The albumin in a more highly ionized state does not interfere 
with the surface activity as when present in larger aggregates such as 
occur in the untreated serum. 
SUMMARY 
These experiments show: 
1.  That  the surface tension of normal blood serum is considerably 
lowered by standing undisturbed for a period of 1 hour (time-drop). 
2.  That  the  greatest  time-drop  recorded  is  with  serum  diluted 
approximately 10,000  times in fresh serum, and 50,000 times in heated 
serum. 
3.  That immune serum is not affected in the same manner by heat 
as is normal serum.  Syphilitic serum and anti-sheep cell rabbit serum 
behave similarly in this respect. 
4.  That  serum  albumin  is  much  more  readily  soluble in  alkaline 
buffer solutions than globulin is, and that globulin from normal serum 
ionizes more than that from syphilitic serum. 
Further investigations are being made in an effort to determine why 
the proteins aggregate or dissociate under the influence of the factors 
under consideration. 
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